Abstract: Free convection flow of a Jeffrey fluid between two long vertical plates is investigated. The vertical plates are moving with some velocity but in opposite directions. The coupled governing equations, of which one of them is nonlinear, are solved by the linearization technique. It is observed that out of all the physical parameters, the effect of non-Newtonian Jeffrey parameter is the strongest on the velocity and temperature of the fluid. The numerical results obtained reveal many interesting behavior of Grashof number G, Prandtl numbers P, the Eckert number E and the plate velocity V. Furthermore, some deductions are carried out to compare the present results with those previously established.
Introduction
Considerable work has been performed on the purely forced convection flow of non-Newtonian fluids. In contrast, relatively little work has been reported on the effects of free convection on non-Newtonian fluids. Over the past few years, considerable research effort has been devoted to the study of heat transfer induced by buoyancy effects in a porous medium saturated with fluids. Interest in this convective flow phenomenon has been motivated by diverse engineering problems, such as underground heat exchangers for energy storage, recovery and temperature controlled reactors, electronic systems cooling, petroleum reservoirs, groundwater hydrology, coal combustors, grain storage, and fiber, granular insulation and geothermal energy extraction. In studies of free and forced convection heat transfer in fluids flowing between long vertical plates, the Grashof number G plays a significant role in affecting the fluid flow and heat transfer characteristics. Suriano et al. [1] have stressed the importance of small Grashof numbers in the study of the laminar free convection heat transfer.
The flow of a viscous fluid past an infinite vertical porous plate with convective acceleration is studied by Yamamoto and Yoshida [2] . Vajravelu [9] studied the free convection heat transfer between two long, vertical, thin plates moving in opposite directions. Rajasekhara et al. [4] investigated the Couette flow over a naturally permeable bed. It is found that the flux is greatly enhanced due to the introduction of permeable bed. Rudraiah and Veerabhadraiah [5] studied the temperature distribution in a steady plane Couette flow past a permeable bed in the presence of buoyancy force. A mathematical model for the study of flow between two permeable beds is given by Sreenadh and Arunachalam [6] . The influence of permeability on the velocity distributions in the porous and non-porous regions are discussed in detail. Rajagopal and Gupta [7] obtained an exact solution for the flow of a non-Newtonian fluid past an infinite porous plate. Ogulu and Amos [8] have investigated the free convective flow of a non-Newtonian fluid past a vertical porous plate. Prathap kumar et al. [9] considered mixed convection in a vertical channel containing a composite porous medium. The influence of heat transfer on the peristaltic transport of a Jeffrey fluid in a vertical porous stratum is studied by Vajravelu et al [10] . Umavathi and Shekar [11] studied the unsteady mixed convective flow and heat transfer in a vertical corrugated channel with composite porous media.
Free convection flow and heat transfer studies of a viscous fluid confined between two long, thin vertical plates finds important applications in industrial engineering. Such a study is useful in assessing the effect of the motion of a broad belt on the flow field. Motivated by this, we propose to study free con-vection effects on the flow and heat transfer of a Jeffrey fluid confined between two long, parallel, vertical plates moving with equal velocities but in opposite directions. In this study, quite a few interesting features of the flow and heat transfer characteristics have been discussed. Some deductions are made and the results are discussed through graphs.
Formulation and Solution of the Problem
Consider a long vertical belt or two long, thin vertical plates are as shown in Figure 1 . Assume it to be broad enough to contain within it an infinite amount of a Jeffrey fluid. Let X-axis is taken along the plates in the upward direction and Y-axis along the distance between the plates. When the flow takes place in the XY-plane, and as the plates are very long and broad compared with the distance between them, the fluid flow may be assumed to be fully developed. The parallel vertical plates are moving with common velocity V* in opposite directions. Let the end conditions be neglected. We may take the velocity fluid as (U(y),0,0) and the temperature field as (T(y),0,0). The governing equations of momentum and energy become
where ρ is the density, p the pressure, µ the coefficient of viscosity, K 0 the thermal conductivity, g x acceleration due to gravitation and λ 1 is the Jeffrey parameter. On using the well known Boussinesq approximation, namely
the density in equation (1) and making simplification (see Vajravelu [9] , [10] ), we rewrite equations (1)- (3) as
The relevant boundary conditions of the problem are
Introducing the non-dimensional variables
in the equations (5), (6) and the boundary conditions (7), (8) we obtain
where
In order to solve the boundary value problem (9) and (10) subject to the conditions (11) we apply the iterative method (see Vajravelu, 1978) as given below:
Initially u 0 = 0 for i ≥ 1 , then we write the solution as
Shear Stress
The shear stress in dimensionless form is given by 
The shear stresses at the plates are given by 
Rate of Heat Transfer
The Nusselt number in dimensionless form is defined by
The Nusselt numbers at the plates y=0 and y=1 are given by
Further iterations can be carried out to obtain u i , θ i for i ≥ 4. It has been found that u 2 ; u 3 and θ 2 ;θ 3 are in good agreement up to the eight decimal places. We shall call u 3 as u and θ 3 as θ
Discussion of the Results
The numerical results are obtained for the velocity u and the temperature θ for the flow of a Jeffrey fluid between thin plates using iteration method. Fluids with high viscosity will have low Grashof number G, as their Prandtl numbers are large. The smallness of the Grashof number G may be due to smallness of the temperature differences. Therefore, the calculated numerical results are expected to be valid for fluids. Figure 3 shows the behavior of flow of air P=0.71 for different values of E, P, V, and λ 1 . We notice that an increase in G results an increase in the fluid velocity near the plate y=0 and opposite behavior is noticed near the plate y=1 . An increase in E causes comparatively small enhancement in the fluid velocity. It is found that of the Jeffrery parameter λ 1 causes an increase in the fluid velocity. It is clear that the plate velocity V enhances the fluid velocity near the plate y=0 and decreases near the other plate. All the behavior mentioned above in the case of air is true in the case of fluids with high Prandtl numbers as shown in Figure 4 .
The temperature of air at P=0.71 with variation in G,E,V and λ 1 is shown in figure 4 . The temperatures of air in the case when the plates are moving are higher than those when the plates are at rest. The increase in the temperature becomes very important when the plates start moving faster. We notice that the increase in G and E, the fluid temperature increases. The fluid temperature increases with the increase in Prandtl number as shown in Figure 5 . The temperature decreases with an increase of Jeffrey parameter λ 1 .
From the Figures 6 and 7 , it is clear that the skin friction at both the plates decreases as the plate velocity increases, while it increases with the increase in any of the other parameters G,E,λ 1 and P. The skin friction is positive at the upward moving plate and negative at the other plate. The variation in the rate of heat transfer coefficient at both the plates with the variation in G, λ 1 and E in the case of air and water at 20 • C is shown in the Figure 8 and 9 . In all the cases considered, the rate of heat transfer coefficient is positive at the upward moving plate and negative at the other, the physical meaning of which is that the heat flow at either plate is from the fluid only. The effect of E and λ 1 is to increase the rate of heat transfer coefficient at the upward moving plate and to diminish it at the other, while the effect of G is to diminish the rate of heat transfer coefficient at both the plates. Figure 9 : Rate of heat transfer coefficient at the plates y=0 and y=1: P=7
